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FOREWORD 


Prediction  of  military  effectiveness  necessarily  occupies  an  impor¬ 
tant  POSITION  IN  ANY  PROGRAM  OF  RESEARCH  ON  MILITARY  PHYSIOLOGY-  THIS 
REPORT  PRESENTS  ONE  SMALL  BUILDING  BLOCK  IN  THE  FOUNDATION  FOR  SUCH 
PtEDICTION.  From  the  research  presented  here  one  CAN  PREDICT  THE  SKIN 
TEMPERATURES  OF  SEMI -NUDE  MEN  OVER  AN  IMPORTANT  RANGE  OF  COOL  ENVIRON¬ 
MENTS.  The  completion  of  this  phase  now  permits  rational  planning  of 

EXPERIMENTS  ON  CLOTHED  MEN  IN  COLD  ENVIRONMENTS,  WHICH  WILL  LEAD  TO 
ASSIGNMENT  OF  PROPER  WEIGHTING  FACTORS  FOR  INSULATION  AND  SPECIAL  DESIGN 
OF  COLD-WEATHER  PROTECTIVE  CLOTHING. 


CONTENTS 


Abstract 

1.  Introduction 

2.  Experimental  design  and  methods 
3*  Results 

A.  Effect  of  wind  and  dry  bulb  temperature 
ON  SKIN  temperature 

B.  Prediction  of  skin  temperature 
c.  Tolerance  times 

4.  Comment 
5-  Acknowledgments 

6. 


References 


ABSTRACT 


Skin  temperatures  of  semi -nude  men  were  measured  during  2-hour 

EXPOSURES  TO  VARIOUS  COMBINATIONS  OF  AIR  TEMPERATURE  (9O  TO  25'’F)  AND 
WIND  VELOCITIES  (<  },  5,  10  MPh) .  ThE  DATA  WERE  USED  TO  DERIVE  AN 

EXPRESSION  FOR  THE  ESTIMATION  OF  MEAN  WEIGHTED  SKIN  TEMPERATURE  AS  A 
FUNCTION  OF  DURATION  OF  EXPOSURE  ( UP  TO  1 8O  MINUTEs)^  AIR  TEMPERATURE 
(90  TO  -20°F),  AND  WINDSPEED  (O  TO  40  MPh) .  A  CHART  WAS  ALSO  CONSTRUCTED 
FOR  MORE  RAPID  ESTIMATION  OF  SKIN  TEMPERATURE- 


PREDICTION  OF  SKIN  TEMPERATURE  OF  MEN  IN  THE  COLD 


1  .  I NTRODUCT I  ON 

Considerable  effort  has  been  channeled  into  studies  of  the  physio¬ 
logical  RESPONSES  OF  MEN  DURING  ACUTE  COLD  EXPOSURE  (l,  2,  3^  ^) *  ^ANY 
OF  THESE  STUDIES  HAVE  BEEN  CONCERNED  WITH  RESPONSES  TO  ONLY  ONE,  OR  AT 
MOST,  A  FEW  ENVIRONMENTAL  CONDITIONS,  THUS  PRECLUDING  THE  POSSIBILITY 
OF  DESCRIBING  THE  PHYSIOLOGICAL  RESPONSES  FOR  A  WIDE  RANGE  OF  COLD 
CONDITIONS  AND  NOT  TAKING  INTO  CONSIDERATION  THE  IMPORTANT  FACTORS 
OF  BOTH  DRY  BULB  TEMPERATURE  AND  WINDSPEED*  (THE  EFFECT  OF  HUMIDITY  ON 
PHYSIOLOGICAL  RESPONSES  OF  NUDE  MEN  IN  THE  COLD  HAS  BEEN  SHOWN  TO  BE  OF 
LITTLE  IMPORTANCE  (2,  3)'^  ADOLPH  AND  MOLNAR  (l)  HAVE  STUDIED  SEVERAL 
PHYSIOLOGIC  PARAMETERS  DURING  ACUTE  COLD  EXPOSURE,  BUT  THE  FACT  THAT 
THEIR  STUDIES  WERE  CONDUCTED  OUT-OF-DOORS  MEANT  THAT  ENVIRONMENTAL 
FACTORS  (especially  WINd)  COULD  VARY  WIDELY  EVEN  WITHIN  SINGLE  TESTS. 

In  a  RECENT  PAPER  WE  DESCRIBED  THE  EFFECTS  OF  DRY  BULB  TEMPERATURE  AND 
WINDSPEED  ON  SHIVERING  HEAT  PRODUCTION  OF  NEARLY  NUDE  MEN  IN  THE  COLD  (5) 

This  paper  describes  the  changes  in  skin  temperature  of  men  in  the  cold 

AND  PRESENTS  A  GRAPHIC  METHOD  FOR  PREDICTING  MEAN  WEIGHTED  SKIN  TEMPERA¬ 
TURE  AS  A  FUNCTION  OF  DRY  BULB  TEMPERATURE,  WINDSPEED,  AND  DURATION  OF 
EXPOSURE. 

2.  Experimental  design  and  methods 


From  6  to  i6  healthy  young  men  (mean  weight  Kg.;  mean  surface 

AREA  1 .82m2)  were  exposed  nude  (except  for  cotton  shorts  and,  during 
the  more  severe  exposures,  cotton  socks)  to  various  combinations  of  dry 

BULB  TEMPERATURE  (9O  TO  2^°F)  AND  WINDSPEED  (<  1,  10  MPh) ;  RELATIVE 

HUMIDITY  WAS  MAINTAINED  AT  ^^0% .  SiX  MEN  AT  A  TIME  WERE  EXPOSED  TO  A 
GIVEN  SET  OF  CONDITIONS.  EXPOSURE  TO  EACH  CONDITION  WAS  LIMITED  TO  2 
HOURS,  BUT  WAS  LESS  THAN  2  HOURS  FOR  THE  MORE  SEVERE  CONDITIONS.  EXPO¬ 
SURE  WAS  PRECEDED  BY  1  HOUR  AT  A  COMFORTABLE  TEMPERATURE  (CONTROL,  80°F, 

RH,  AIR  MOVEMENT  <  20  Ft/mIn).  SUBJECTS  REPORTED  AT  O8OO  IN  THE 
FASTING  STATE.  DURING  CONTROL  AND  EXPERIMENTAL  PERIODS  THE  SUBJECTS 
WERE  IN  A  SEMI -RECL I Nl NG  POSITION.  TEMPERATURES  WERE  MEASURED  CONTINU¬ 
OUSLY  AT  11  POINTS  ON  THE  SKIN  BY  MEANS  OF  COPPER -CONST ANT AN  THERMOCOUPLES 
TIED  IN  PLACE  WITH  ELASTIC  THREAD.  POINTS  MEASURED  WERE:  BIG  TOE  AT 
BASE  OF  NAIL,  INSTEP,  CALF,  MEDIAL  THIGH,  LATERAL  THIGH,  BACK,  CHEST, 

UPPER  ARM,  LOWER  ARM,  LITTLE  FINGER  AT  BASE  OF  NAIL,  AND  FOREHEAD.  MEAN 
WEIGHTED  SKIN  TEMPERATURE  WAS  RECORDED  AS  THE  SUM  OF  10  WEIGHTED  POINTS 

(excluding  the  toe  point)  as  FOLLOWS:  .05  instep;  .15  CALF;  .125  LATERAL 
thigh;  .125  INNER  thigh;  .125  back;  .125  chest;  .07  upper  arm;  .07  lower 
arm;  .06  finger;  .10  forehead. 

3.  Results 

A.  Effect  of  wind  and  dry  bulb  temperature  on  skin  temperature  . 

Mean  weighted  skin  temperatures  are  shown  in  Figure  1  for  all  con¬ 
ditions  STUDIED.  Exposures  at  the  3  windspeeds  are  plotted  separately 
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Figure  1:  Mean  weighted  skin  temperature  or  men 

DURING  EXPOSURE  TO  VARIOUS  AMBIENT  CONDITIONS. 

Numbers  on  curves,  air  temperature  (°F);  numbers 

AT  BOTTOM  of  EACH  SECTION,  WIND  VELOCITY  (mPh). 


FOR  PURPOSES  OF  CLARITY.  Sk I N  TEMPERATURE  REMAINED  CONSTANT  DURING  EXPO¬ 
SURE  TO  80/<  1  (air  TEMPERATURE,  °F/wIND  VELOCITY,  MPh) ,  INCREASED 
SLIGHTLY  AT  90/l0,  AND  DECREASED  DURING  EXPOSURE  TO  ALL  OTHER  CONDITIONS. 

The  changes  in  skin  temperature  were  rapid  during  the  first  20  minutes 

OF  EXPOSURE  (75-1 OOJ?  OF  THE  TOTAL  CHANGE  OCCURRED  DURING  THIS  TIMe) 

AND  SLOWER  DURING  THE  REMAINDER  OF  EXPOSURE.  THE  SLOW  PHASE. WAS  ESSEN¬ 
TIALLY  LINEAR  WITH  TIME.  INCREASING  THE  WINDSPEED  HAD  THE  EFFECT  OF 
CAUSING  LARGER  INITIAL  CHANGES  IN  SKIN  TEMPERATURE,  |.E.,THE  PERCENTAGE 
CHANGE  IN  SKIN  TEMPERATURE  DURING  THE  FIRST  20  MINUTES  WAS  SOMEWHAT 
GREATER  WITH  THE  HIGHER  WINDSPEEDS.  WHEN  WIND  WAS  INCREASED  AT  A  GIVEN 
AMBIENT  TEMPERATURE,  SKIN  TEMPERATURE  FELL  TO  A  LOWER  VALUE.  FOR 
EXAMPLE,  SKIN  TEMPERATURE  AFTER  &>  MINUTES  OF  EXPOSURE  AT  60/<  1  WAS 
84°f,  AT  60/5,  79‘’F  AND  AT  60/IO,  'j6°F.  FIGURE  2  SHOWS  THE  RELATIONSHIP 
BETWEEN  SKIN  TEMPERATURE  AND  DRY  BULB  TEMPERATURE  AFTER  6O  MINUTES  OF 

EXPOSURE*  There  is  a  linear  relationship  between  skin  temperature  and 

AIR  TEMPERATURE  FOR  EACH  OF  THE  WINDSPEEDS  STUDIED  (l)  (wE  HAVE  INCLUDED 
POINTS  FROM  2  SEPARATE  EXPOSURES  AT  3  AND  3^  MPh) .  FIGURES  2  AND  3^ 
INDICATE,  A?  WOULD  BE  EXPECTED,  THAT  INCREASING  THE  WINDSPEED  DOES  NOT 
HAVE  THE  SAME  EFFECT  ON  SKIN  TEMPERATURE  AT  ALL  AIR  TEMPERATURES  ( NON¬ 
LINEARITY).  For  example,  increasing  the  windspeed  from  5  to  10  mph 
AT  AN  AIR  TEMPERATURE  OF  40°F  LOWERED  SKIN  TEMPERATURE  4.5F®,  WHILE  THE 
SAME  INCREMENT  IN  WINDSPEED  AT  7^°^^  LOWERED  SKIN  TEMPERATURE  ONLY  1  •3^'  * 

When  the  square  root  of  windspeed  is  plotted  against  skin  temperature  (l) 
AT  a  given  air  temperature_,  a  linear  relation  I  s^  establ  I  shed  (Fig.  3b)* 
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Figure  2:  Mean  weighted  skin  temperature  of  men 

AFTER  60  MINUTES  EXPOSURE  TO  VARIOUS  AMBIENT 

CONDITIONS.  Numbers  on  each  curve  refer  to  wind 

VELOCITY  (mPh).  DaSHED  PORTION  OF  CURVE,  EXTRAP¬ 
OLATION  OF  DATA. 


Figure  3=  A.  The  non-equivalent  effects 

OF  WIND  velocity  ON  SKIN  TEMPERATURE 
AT  VARIOUS  AIR  TEMPERATURES  AFTER  60 
MINUTES  OF  EXPOSURE.  B.  ThE  SQUARE  ROOT 
OF  WIND  VELOCITY  VS  SKIN  TEMPERATURE 
AFTER  60  MINUTES  OF  EXPOSURE  AT  VARIOUS 
AIR  TEMPERATURES.  A  LINEAR  RELATIONSHIP 
IS  ESTABLISHED.  SLOPES  OF  CURVES  INDI¬ 
CATE  NON-EQUIVALENT  EFFECTS  OF  WIND 
VELOCITY  AT  DIFFERENT  AIR  TEMPERATURES. 


3 


The  slopes  of  the  curves,  which  range  from  -.20  (at  4o°F)  to  -.80 

(at  80°F),  indicate  the  non-equivalent  effect  of  windspeed  at  the  various 

AIR  temperatures. 

B.  Prediction  of  skin  temperature 


As  described  earlier,  the  relationship  between  skin  temperature 
and  ambient  temperature  was  linear  and  a  separate  curve  was  established 

FOR  EACH  OF  THE  WINDSPEEDS  STUDIED  (FiG.  2).  iT  WAS  APPARENT  THAT  THESE 
CURVES  CONSTITUTED  A  SET  OF  REASONABLY  STRAIGHT  LINES,  AND  THAT  THEY  ALL 
SEEMED  TO  GO  THROUGH  A  SPECIFIC  POINT,  NAMELY,  SKIN  TEMPERATURE  ^6  F 
AND  AIR  TEMPERATURE  95“F  (FiG.  2).  IT  IS  OBVIOUS  THAT  THESE  CURVES 
SHOULD  ALL  APPROACH  SOME  UPPER  BOUND  ASYMTOT I  CALL Y,  BUT  THE  CHANGE-OVER 
FROM  THE  STRAIGHT  LINE  TO  A  SHARP-BREAKING  CURVE  IS  A  DIFFICULT  TRANSI¬ 
TION  MATHEMATICALLY,  SO  IT  WAS  ASSUMED  THAT  THIS  UPPER  LIMIT  REPRESENTED 
THE  UPPER  BOUND  OF  THE  VALUES  WHICH  WOULD  HAVE  ANY  MEANING  PHYSICALLY. 

It  was  then  necessary  to  determine  the  SLOPE  OF  ALL  THESE  STRAIGHT  LINES 
AS  A  FUNCTION  OF  WINDSPEED  AND  ALSO  THE  TIME  THE  SUBJECT  WAS  EXPOSED  TO 
THE  PARTICULAR  CONDITION.  THE  EQUATION  FOR  A  HYPERBOLA  SEEMED  TO  BE 
THE  BEST  DESCRIPTION  OF  THE  SLOPES  AS  A  FUNCTION  OF  WINDSPEED  AND  TIME 

AS  follows: 


(S  -  a)  (WS  -  b)  =  c  Equation  1 

WHERE  S  IS  THE  SLOPE  OF  THE  STRAIGHT  LINE,  WS  IS  THE  WINDSPEED,  AND  A, 

B,  AND  C  ARE  CONSTANTS  WHICH  MAY  OR  MAY  NOT  BE  FUNCTIONS  OF  TIME  OF  EXPO¬ 
SURE.  This  sort  of  relationship  has  the  correct  limiting  values  as 

TIME  AND  WINDSPEED  INCREASE  INDEFINITELY,  AND  ALSO  SEEMS  TO  HAVE  THE 
PROPER  OVERALL  RELATIONSHIP. 

Using  this  form  of  the  equation,  we  made  a  careful  study  of  the 

BEHAVIOR  OF  A,  B,  AND  C  AND  CAME  TO  THE  CONCLUSION  THAT  FOR  PRACTICAL 
PURPOSES  "a"  WAS  THE  ONLY  COEFFICIENT  WHICH  WAS  A  FUNCTION  OF  TIME. 

This  is  reasonable, i n  that  the  behavior  of  the  slope  as  a  function  of 
windspeed  should  bear  the  same  relationship  to  all  slopes  irrespective 
OF  time  and  the  only  effect  of  time  would  be  to  move  all  curves  up  or 

DOWN  TOGETHER.  IT  TURNED  OUT  THAT  "c"  HAD  THE  VALUE  OF  -9 . 1 8,  "b"  THE 
VALUE  -15.2  AND  "a"  WAS  EQUAL  TO  1  .066  ^  +  57J-  WHERE  "t"  IS  TIME  OF 
EXPOSURE  IN  MINUTES.  '•’  +  I  •  I 

When  these  values  are  substituted  in  equation  1  we  obtain: 

(S  -  1 ‘066  T  +  97-^  )  (WS  +  15.2)  =  -9.18  Equation  2 

T  +  70.7 


-9.18 

WS  +  15.2  Equation  3 


OR 

1 .066  T  +  57*  ^ 

S  =  T  +70.7  = 
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Since  the  slope  of  a  straight  line  i s  S  =  ^,  where  x  =  air  temperature 
(Ta)  and  Y  =  skin  temperature  (Ts)>  we  may  substitute  foR  S  IN 
EQUAT I  ON  3*  Ta 


Ts  1.066  T+  57.1  -9.18 

“  T  +  70.7  ■  wr+  "l5.2  Equation  4 

We  stated  that  the  upper  limits  for  and  T3  were  95  and  96°F, 
RESPECTIVELY.  THEREFORE,  THESE  LIMITS  APPLIED  TO  EQUATION  4  AND  REAR- 
RANGED  give: 


(96  -  Ts) 


1 .066  T  +  57.1  9.18 

T  +  70.7  -WS  +  15.2 


(95  “  Equation  5 


It  seemed  logical  that  this  model  would  hold  over  regions  which  were 

NOT  INCLUDED  IN  THE  DATA,  BUT  WHICH  WERE  USED  TO  DETERMINE  THESE  CONSTANTS. 

Conditions  not  included  in  the  data  have  since  been  studied  and  good 
agreement  was  found  between  predicted  and  observed  skin  temperatures. 

There  are,  of  course,  certain  short -comi ngs  and  limitations  to  this  model. 
When  exposure  time  is  very  short  (less  than  10  minutes)  and  air  tempera¬ 
ture  IS  low,  the  equation  tends  to  give  lower  values  for  T5  than  are 

ACTUALLY  OBSERVED.  THE  MODEL  ALSO  DOES  NOT  PREDICT  ANY  SKIN  TEMPERA¬ 
TURE  ABOVE  96°F,  nor  does  IT  ACCOMMODATE  ITSELF  TO  PRE -EXPOSURE  CONDI¬ 
TIONS  OTHER  THAN  THOSE  USED  IN  OUR  STUDY  (DB  80°F,  RH  ^0% ,  AIR  MOVEMENT 
<20  ft/min).  Therefore,  it  is  essential  that  the  initial  transient 

STATE  DIE  OUT  BEFORE  THESE  RELATIONSHIPS  WILL  HOLD.  ThIS  MEANS  THAT 
THE  SUBJECT  MUST  BE  EXPOSED  TO  THE  EXPERIMENTAL  CONDITIONS  LONG  ENOUGH 
TO  OVERCOME  ANY  DIFFERENCES  IN  HIS  PRE-EXPOSURE  STATE. 


A  CHART  (Fig.  4)  was  drawn  based  on  the  relationships  described. 

In  order  to  proceed  from  one  section  of  the  chart  to  the  other,  a  VALUE 
"K"  was  determined  for  each  WI NDSPEEd/tI me  CURVE  IN  THE  LEFT  SECTION 
OF  THE  CHART.  ThE  VALUE  FOR  "K"  HAS  NO  MEANING  AND  IS  USED  ONLY  AS 
AN  INSTRUMENT  FOR  GRAPHICAL  PRESENTATION  OF  THE  PREDICTION  EQUATION. 

The  chart  allows  for  rapid  estimation  of  skin  temperature  for  exposure 

TIMES  UP  TO  3  HOURS,  AIR  TEMPERATURE  DOWN  TO  -20°F,  AND  WINDSPEEDS  UP 

TO  40  MPH. 


c.  Tolerance  times 


Although  these  studies  were  not  conducted  for  the  purpose  of 
obtaining  tolerance  times  for  nude  men  in  the  cold,  we  have  been  able  to 
put  together  information  on  SKIN  TEMPERATURES,  INVESTIGATORS'  SUBJECTIVE 
EVALUATION  OF  THE  CONDITION  OF  THE  TEST  SUBJECTS,  AND  THE  SUBJECTS' 
OPINIONS  CONCERNING  THE  LENGTH  OF  TIME  THEY  FELT  THEY  COULD  TOLERATE 
THE  CONDITIONS  INTO  A  CHART  FOR  PREDICTING  APPROXIMATE  TOLERANCE  TIMES. 
It  APPEARS  THAT  THERE  IS  A  COINCIDENCE  BETWEEN  THOSE  CONDITIONS  WHICH 
COULD  BE  TOLERATED  FOR  2  HOURS  (tHE  MAXIMUM  LENGTH  OF  TIME  THE  TESTS 
WERE  run)  and  a  CRITICAL  SKIN  TEMPERATURE.  WHEN  SKIN  TEMPERATURE  DID 
NOT  FALL  BELOW  THE  CONDITIONS  WERE  TOLERABLE  FOR  2  HOURS  OR 
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LONGER  (Fig.  1).  When  mean  weighted  skin  temperature  fell  below  70°F, 

THE  CONDITIONS  COULD  BE  TOLERATED  FOR  LESS  THAN  2  HOURS,  DEPENDING  ON 
HOW  LOW  SKIN  TEMPERATURE  FELL.  IT  MUST  BE  REMEMBERED  THAT  DURING  THE 
MOST  SEVERE  CONDITIONS  COTTON  SOCKS  WERE  WORN  TO  PROTECT  THE  TOES  FROM 
PAIN  AND  FROSTBITE  AND  THE  SUBJECTS  WERE  ALSO  ALLOWED  TO  PROTECT  FINGERS 
BY  PLACING  THEM  UNDER  THEIR  ARMS.  IF  THESE  PRECAUTIONS  HAD  NOT  BEEN 
TAKEN,  IT  IS  POSSIBLE  THAT  THE  SUBJECTS  WOULD  HAVE  BEEN  REMOVED  FROM  THE 
CHAMBER  SOONER  DURING  SOME  OF  THE  MORE  SEVERE  EXPOSURES.  RECOGNIZING 
THESE  LIMITATIONS,  AND  ALSO  THE  LIMITATION  OF  SUBJECTIVE  EVALUATIONS  OF 
TOLERANCE,  WE  HAVE  CONSTRUCTED  A  CHART  (FiG.  5)  WHICH  SHOWS  APPROXIMATE 
TOLERANCE  TIMES  FOR  COMBINATIONS  OF  WINDSPEED  (tO  10  MPh)  AND  DRY  BULB 
TEMPERATURE  ( TO  -15°F).  MEAN  WEIGHTED  SKIN  TEMPERATURE  AT  EACH  TOLERANCE 
TIME  IS  INDICATED  ON  EACH  CURVE.  THE  CHART  I S  CONSTRUCTED  IN  PART 
FROM  INFORMATION  IN  FIGURE  4,  I.E.^THE  TIMES  REQUIRED  TO  REACH  GIVEN 
SKIN  TEMPERATURES  FOR  VARIOUS  ENVIRONMENTAL  CONDITIONS  ARE  TAKEN  FROM  THE 

CHART.  Figure  5  shows  that  all  combinations  of  conditions  to  the  right 

OF  THE  Ts  "JO  CURVE  MAY  BE  TOLERATED  FOR  LONGER  THAN  2  HOURS,  WHILE  COM¬ 
BINATIONS  TO  THE  LEFT  OF  THE  Ts  CURVE  HAVE  TOLERANCE  TIMES  LESS  THAN 

2  HOURS.  Thus,  40/iO,  3^/5^  and  n/<  1  can  be  tolerated  for  80  minutes 

AND  SKIN  TEMPERATURE  AT  THE  END  OF  THAT  TIME  WILL  BE  65'’F. 

4.  Comment 

Skin  temperature  is  one  of  the  most  reliable  indexes  of  the  effects 

OF  COLD  environments  ON  THE  SEMI -NUDE  MIN.  THIS  WAS  POINTED  OOT  BY 
Adolph  and  Molnar  (l)  several  years  ago.  Rectal  temperature,  oxygen 

CONSUMPTION,  AND  PULSE  RATE  MAY  BE  USERUL  INDEXES  OVER  LIMITED  RANGES 
OF  CLIMATIC  CONDITIONS,  BUT  ARE  NOT  AS  SENSITIVE  AS  MEAN  SKIN  TEMPERA¬ 
TURE  OVER  WIDER  RANGES  OF  CON¬ 
DITIONS.  Although  we  have  not 
STUDIED  THE  EFFECTS  OF  ALL 
ENVIRONMENTAL  FACTORS  ON  SKIN 
TEMPERATURE,  WE  HAVE  CONSID¬ 
ERED  THE  EFFECTS  OF  HUMIDITY 
(3),  WIND  VELOCITY  AND  AIR 
TEMPERATURE.  ThE  EFFECTS  OF 
SOLAR  RADIATION  WERE  STUDIED 

BY  Adolph  and  Molnar  (l).  The 

EFFECTS  OF  WIND  VELOCITY,  DRY 
BULB  TEMPERATURE,  AND  DURATION 
OF  EXPOSURE  ON  SKIN  TEMPERA¬ 
TURE  WERE  OF  SUCH  A  UNIFORM 
NATURE  THAT  WE  WERE  ABLE  TO 
DERIVE  AN  EXPRESSION  WHICH 
ALLOWS  A  GOOD  ESTIMATE  OF  SKIN 
TEMPERATURE  OVER  A  WIDE  RANGE 
OF  THE  ABOVE  VARIABLES. 

It  is  APPARENT  THAT 
CLOTHING,  ACTIVITY,  DIET,  AND 


MR  TEMPERATURE  ’F 


Figure  5:  Tolerance  times  of  semi -nude 

MEN  EXPOSED  TO  VARIOUS  AMBIENT  CONDI¬ 
TIONS.  Numbers  on  curves  refer  to  skin 
TEMPERATURE  (T5)  AT  THAT  TOLERANCE  TIME. 
See  TEXT  FOR  EXAMPLES. 
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PERHAPS  OTHER  FACTORS  WILL  ALTER  THE  EFFECTS  OF  WIND  VELOCITY,  AIR  TEMPERA¬ 
TURE,  AND  SOLAR  RADIATION  ON  SKIN  TEMPERATURE-  HOWEVER,  IT  IS  NOT  UNLIKELY 
THAT  SKIN  TEMPERATURE  IS  ALTERED,  AT  LEAST  FOR  SOME  OF  THE  FACTORS,  IN  A 
PREDICTABLE  MANNER  (6)-  IT  SHOULD,  THEREFORE,  BE  POSSIBLE  TO  INCORPORATE 
CORRECTIONS  FOR  SOME  OF  THESE  FACTORS  INTO  THE  EQUATION  FOR  PREDICTION 
OF  SKIN  TEMPERATURE.  WE  ARE  PRESENTLY  CONCERNED  WITH  THE  STUDY  OF  THE 
EFFECTS  OF  INSULATION  AND  ACTIVITY  ON  SKIN  TEMPERATURE  OF  MEN  IN  THE  COLD. 
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